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(54) Printhead and printing apparatus using printhead 



(57) A printhead which high-precisely performs reg- 
istration adjustment between print dots even in use of 
plural printheads or a printhead having plural printing 
element arrays, and a printing apparatus using the print- 
head. Registration adjustment can be performed with a 



value equal to or less than a printing resolution in a main- 
scanning direction by changing the order of nozzle 
blocks of at least one of two nozzle arrays, in accord- 
ance with a stored amount of registration shift, without 
transmission of a specific control signal from the printing 
apparatus. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a printhead and a 
printing apparatus using the printhead, and more partic- 
ularly, to a printhead which performs printing in accord- 
ance with an ink-jet method and a printing apparatus us- 
ing the printhead. 

[0002] Recently, ink-jet printers capable of color print- 
ing are widely used. In these printers, it is necessary to 
discharge a plurality of color ink such as yellow ink, ma- 
genta ink and cyan ink, as well as black ink, to a printing 
medium. For this purpose, an increasing number of 
printers have a plurality of printheads on a carriage. The 
printheads are arrayed in a moving direction of the car- 
riage (main-scanning direction). Otherwise, a number of 
printers have an integrated type printhead where a plu- 
rality of arrays of ink discharge nozzles, corresponding 
to the respective ink colors, are arranged in the main- 
scanning direction, as one printhead. 
[0003] On the other hand, in any construction of print- 
head or arrangement of nozzle arrays as above, to re- 
alize high precision color printing, the most important 
problem is how precisely dots of respective color ink are 
overlaid on a printing medium. 

[0004] Regarding such registration adjustment, in the 
printers with a plurality of printheads, it is almost impos- 
sible to mechanically precisely adjust registration of re- 
spective color ink dots. Generally, these printers are 
constructed such that the driving timing for each print- 
head can be freely changed. For example, electrical ad- 
justment means is provided to shift a dot position at ± 
several 10-dot pitch in the main-scanning direction. Pri- 
or to actual printing, a registration adjustment pattern is 
printed on a printing medium, then a user judges the 
amount of registration shift by visual measurement and 
adjusts the registration. 

[0005] However, in conventional ordinary low-price 
color printers, it is almost impossible to provide a head 
driving signal in each of the printheads because such 
arrangement increases complexity of the system and 
the price, from the following reasons: 

(1 ) The number of signal lines in the printheads in- 
creases. 

(2) The driving timing circuits, corresponding to the 
number of printheads, must be provided. 

[0006] Generally, a signal (signal line) other than a 
print data transmission signal is provided for common 
use among the printheads. In these printers, as all the 
printheads are driven with the same head driving timing, 
registration adjustment is simply performed in 1-dot 
pitch units but registration shift at the maximum 1/2 dot 
pitch cannot be solved. 

[0007] On the other hand, in the integrated type print- 
head having plural nozzle arrays, the maximum level of 
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registration adjustment is about several 10 jam in man- 
ufacturing. However, in a printhead having a printing 
resolution of 600 dpi, the above shift amount is intoler- 
able since the dot pitch of this printhead is about 42 jam. 

5 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present inven- 
tion to provide a printhead which performs high-preci- 
10 sion registration adjustment on print dots even in use of 
plural printheads or a printhead having plural printing 
element arrays and a printing apparatus using the print- 
head. 

[0009] According to one aspect of the present inven- 
ts tion, there is provided a printhead capable of printing by 
dividing a plurality of printing elements constituting a 
printing element array into a plurality of blocks and time- 
divisionally driving the plurality of printing elements in 
block units, comprising: a memory circuit for storing a 
20 value based on an amount of registration shift equal to 
or less than a printing resolution in a direction in which 
the printing element array is scanned relative to a print- 
ing medium; and a changing circuit that changes an or- 
der of blocks to be driven in accordance with the value 
25 stored in the memory circuit. 

[0010] It is preferable that a number of the printing el- 
ement array is two or more, the plurality of printing ele- 
ment arrays (e.g. a first and second printing element ar- 
rays) are arranged at an interval along the scanning di- 
30 rection of the printing element arrays, and the changing 
circuit changes the order of blocks to be driven in at least 
one of the plurality of printing element arrays. 
[0011] Note that division of the plurality of printing el- 
ements into blocks may be made by dividing the plurality 
of printing elements of the first and second printing ele- 
ment arrays into blocks by N printing elements sequen- 
tially, or by dividing the plurality of printing elements of 
the first and second printing element arrays into blocks 
by K printing elements each selected from every M print- 
ing elements. For example, the plurality of printing ele- 
ments are divided into four, eight, sixteen or thirty two 
blocks. 

[0012] It is preferable that the direction of the plurality 
of printing elements of the first and second printing ele- 
ment arrays is diagonal to the scanning direction. 
[0013] Further it is preferable that the printhead fur- 
ther comprises a delay circuit that delays print data out- 
put to printing elements of each block of the printing el- 
ement array, in accordance with change of the order of 
blocks to be driven by the changing circuit. 
[0014] Note that it is preferable that the printhead is 
an ink-jet printhead that performs printing by discharg- 
ing ink. Further, the ink-jet printhead has electrothermal 
transducers for generating thermal energy to be sup- 
plied to ink, for discharging the ink by utilizing the ther- 
mal energy. 

[0015] It is prelerable that such printhead further com- 
prises third and fourth printing element arrays in the first 
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direction in parallel to the first and second printing ele- 
ment arrays, and color printing is performed by dis- 
charging yellow ink, magenta ink, cyan ink and black ink 
from the first, second, third and fourth printing element 
arrays. 

[0016] Further, it may be arranged such that the first 
and second printing element arrays are respectively as- 
sembled in separate printheads. 
[0017] According to another aspect of the present in- 
vention, there is provided a printing apparatus which 
performs printing by using the printhead having the 
above construction, comprising: scanning means, car- 
rying the printhead, for reciprocate-scanning the print- 
head along the scanning direction; and output means 
for outputting print data to the printhead. 
[0018] According to still another aspect of the present 
invention, the foregoing object is attained by providing 
a printing apparatus which performs printing by dividing 
a plurality of printing elements constituting a printing el- 
ement array into a plurality of blocks and time-division- 
ally driving the plurality of printing elements in block 
units, comprising: a memory circuit for storing a value 
based on an amount of registration shift equal to or less 
than a printing resolution in a direction in which the print- 
ing element array is scanned relative to a printing me- 
dium; and a changing circuit that changes an order of 
blocks to be driven in accordance with the value stored 
in the memory circuit. 

[0019] Note that it may be arranged such that the 
printing apparatus further comprises a delay circuit that 
delays print data output to printing elements of each 
block of the printing element array, in accordance with 
change of the order of blocks to be driven by the chang- 
ing circuit. 

[0020] In accordance with the present invention as 
described above, registration adjustment can be per- 
formed with the value equal to or less than the printing 
resolution in the direction in which the printing element 
array is scanned relative to a printing medium without 
transmitting a specific control signal from the printing ap- 
paratus, by changing the order of blocks to be driven 
within the printing element array in accordance with a 
value based on the amount of registration shift stored in 
a memory circuit. 

[0021] The invention is particularly advantageous 
since almost all the registration shift can be solved. 
[0022] Accordingly, high quality images can be print- 
ed. 

[0023] Especially, in case of a printhead having a plu- 
rality of printing element arrays, the precision of regis- 
tration adjustment in manufacturing can be relaxed. Fur- 
ther, as the registration adjustment can be completed 
within the printhead, a registration adjustment function 
is unnecessary on the printing apparatus side holding 
the printhead. This contributes to simplification of the 
apparatus construction. 

[0024] Other features and advantages of the present 
invention will be apparent from the following description 
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taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
name or similar parts throughout the figures thereof. 



[0025] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
10 the description, serve to explain the principles of the in- 
vention. 

Fig. 1 is a perspective view showing the schematic 
structure of an ink-jet printer IJRA as a typical em- 
is bodiment of the present invention; 

Fig. 2 is a block diagram showing the construction 
of a control circuit of the ink-jet printer IJRA; 
Fig. 3 is a perspective view of an ink cartridge IJC 
where an ink tank and a head can be separated; 
20 Fig. 4 is an explanatory diagram of a printhead UH 
viewed from the side of ink discharge surface; 
Fig. 5 is a block diagram showing the construction 
of a logic circuit of the printhead UH; 
Fig. 6 is a block diagram showing the construction 
25 of a logic circuit of a conventional printhead; 

Fig. 7 is a conversion table used for converting 
block driving signals (BENB0.1) into block selection 
signals (BLK0,1) according to registration shift 
amounts; 

30 Figs. 8A to BC are timing charts showing various 
control signals handled in the printhead UH; 
Figs. 9A to 9C are explanatory diagrams showing 
dot arrangements in registration adjustment by 
shifting ink-droplet adhesion positions on a printing 

35 medium in a main-scanning direction; 

Figs. 10A to 10C are partially-expanded diagrams 
of the dot arrangements in Figs. 9A to 9C; 
Fig. 11 is an explanatory diagram of a nozzle ar- 
rangement surface of a printhead having a single 

40 long nozzle array (with a large number of nozzles); 
Fig. 12 is an explanatory diagram showing dots 
printed by 32 nozzles divided into 8 blocks each 
having 4 nozzles each selected from every 8 noz- 
zles and time-divisionally driven in block units; and 

45 Figs. 1 3A to 1 3C are explanatory diagrams of dot 
arrangements in registration adjustment by shifting 
the positions of dots printed by a printhead which 
performs time-division driving in Fig. 12. 

50 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Preferred embodiments of the present inven- 
tion will now be described in detail in accordance with 
55 the accompanying drawings. 
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<Outline of Apparatus Main Body> 

[0027] Fig. 1 is a perspective view showing the struc- 
ture of an ink-jet printer IJRA as a typical embodiment 
of the present invention. In Fig. 1 , a carriage HC is en- s 
gaged with a spiral groove 5004 of a lead screw 5005 
which rotates via drive force transmission gears 5009 to 
501 1 interlocking with forward/reverse rotation of a driv- 
ing motor 501 3. The carriage HC has a pin (not shown) 
and it reciprocates in directions represented by arrows io 
a and b, held by a guide rail 5003. The carriage HC has 
an ink-jet cartridge IJC which integrally comprises a 
printhead IJH and an ink tank IT. A paper holding plate 
5002 presses a print sheet P against a platen 5000 
along the moving direction of the carriage HC. Photo- is 
couplers 5007 and 5008 are home position detecting 
members for confirming the existence of lever 5006 of 
the carriage in this area and changing overthe rotational 
direction of motor 5013. A support member 5016 sup- 
ports a cap member 5022 for capping the front surface 20 
of the printhead IJH. A suction member 5015 performs 
suction-restoration of the printhead by sucking the in- 
side of the cap member 5022 via a cap inner opening 
5023. Member 5019 allows a cleaning blade 5017 to 
move in a back-and-forth direction. A main body support 25 
plate 501 8 supports the member 501 9 and the cleaning 
blade 5017. It is apparent that any well-known cleaning 
blade is applicable to the printer of the embodiments. 
Numeral 5021 denotes a lever for starting the sucking 
operation of the suction-restoration. The lever 5021 30 
moves along the movement of a cam 5020 engaged with 
the carriage HC. A well-known transmission mechanism 
such as change-over of a clutch controls a drive force 
from the driving motor. 

[0028] When the carriage HC is at the home position 35 
area, a desired one of these capping, cleaning and suc- 
tion-restoration is executed at its corresponding position 
by the lead screw 5005. The timing of any of these 
processings is not limited to the printer of the embodi- 
ments, if a desired processing is performed at a well- 40 
known timing. 

<Control Construction > 

[0029] Next, the control construction tor execution of 45 
print-control by the above printing apparatus will be de- 
scribed. 

[0030] Fig. 2 is a block diagram showing the construc- 
tion of a control circuit of the ink-jet printer IJRA. Refer- 
ring to Fig. 2 showing the control circuit, reference nu- 50 
meral 1 700 denotes an interface for inputting a print sig- 
nal; 1701, an MPU; 1702, a ROM for storing a control 
program executed by the MPU 1 701 ; and 1 703, a DRAM 
for storing various data (the print signal, print data sup- 
plied to the printhead and the like). Numeral 1704 de- 55 
notes a gate array (G. A.) for performing supply control 
of print data to the printhead IJH. The gate array 1704 
also performs data-transfer control among the interface 



1700, the MPU 1701, and the RAM 1703. Numeral 1710 
denotes a carrier motor for transferring the printhead 
IJH; 1709, a conveyance motor for conveying the print 
sheet P; 1705, a head driver for driving the printhead 
IJH; and 1706 and 1707, motor drivers for driving the 
conveyance motor 1709 and the carrier motor 1710. 
[0031] The operation of the above control arrange- 
ment will be described below. When a print signal is in- 
putted into the interface 1700, the print signal is convert- 
ed into print data for a printing operation between the 
gate array 1704 and the MPU 1701 . The motor drivers 
1706 and 1 707 are driven, and the printhead IJH is driv- 
en in accordance with the print data supplied to the head 
driver 1705, thus performing the printing operation. 
[0032] Note that as described above, the ink tank IT 
and the printhead IJH may be integrally formed as an 
exchangeable ink cartridge IJC. Further, it may be ar- 
ranged such that the ink tank IT and the printhead IJH 
can be separated, and when ink is exhausted, only the 
ink tank IT is exchanged for new one. 
[0033] Fig. 3 is a perspective view showing the struc- 
ture of the ink cartridge IJC in which the ink tank and the 
head can be separated. As shown in Fig. 3, in the ink 
cartridge IJC, the ink tank IT and the printhead IJH can 
be separated along a line K. The ink cartridge IJH has 
an electrode (not shown) to receive an electric signal 
supplied from the carriage HC side when the ink car- 
tridge IJC is mounted on the carriage HC. In accordance 
with the electric signal, the printhead IJH is driven as 
described above, to discharge ink. 
[0034] Note that in Fig. 3, numeral 500 denotes an ar- 
ray of ink discharge orifices (an array of print elements) 
in which ink discharge ports (nozzles) constituting print 
elements are arranged. Further note that the number of 
ink discharge nozzles shown in Fig. 3 is reduced for the 
sake of simplicity for explanation. Furthermore, the ink 
tank IT has a fiber or porous ink absorber to hold ink. 
[0035] The print elements comprises ink discharge 
ports (nozzles), ink channels connecting to the ink dis- 
charge ports respectively and heaters provided in ink 
channels respectively. 

[0036] Fig. 4 is an explanatory diagram of a printhead 
IJH viewed from the side of ink discharge surface. 
[0037] As shown in Fig. 4, the printhead IJH has two 
arrays of ink discharge nozzles (hereinafter referred to 
as "nozzle arrays") provided at a certain interval along 
a main-scanning direction in which the carriage HC 
moves. These two nozzle arrays 1 a and 1b respectively 
have 32 nozzles 2. The 32 nozzles are divided, by con- 
tinuous 8 nozzles, into 4 blocks, each block being con- 
currently driven, and upon execution of printing opera- 
tion, driven at shifted driving timing for each block. 
[0038] In a case where ink discharge is performed 
while moving the printhead IJH in the main-scanning di- 
rection, if the nozzle arrays are provided vertical to the 
main-scanning direction, the arrangements of dots print- 
ed by each block of continuous 8 nozzles are shifted 
away from each other. As a result, the arrangement of 
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all printed dots looks considerably slant as a whole. Ac- 
cordingly, the nozzle arrays are provided diagonally to 
the main-scanning direction in advance such that the dot 
arrangement of all print dots are substantially vertical to 
the main-scanning direction. 

[0039] However, since the nozzle arrays are divided 
into 4 blocks and driven in block units, the amount of dot 
shift in each junction between nozzle blocks is 1/4 of the 
dot pitch in the main-scanning direction as shown in an 
example in Fig. 4. 

[0040] Note that in recent high precision printers, the 
1/4 pitch shift is intolerable for maintaining high print im- 
age quality. Generally, in such printers, the number of 
nozzle blocks is "8" or "16". However, in this embodi- 
ment, the number of nozzle blocks is "4" for the sake of 
simplicity of explanation. 

[0041] Fig. 5 is a block diagram showing the construc- 
tion of a logic circuit of the printhead IJH according to 
the present invention. 

[0042] Note that for the sake of simplicity of explana- 
tion, Fig. 5 shows the construction of a circuit to drive 
one of the two nozzle arrays shown in Fig. 4. The print- 
head IJH actually has two driving circuits. 
[0043] On the other hand, Fig. 6 is a block diagram 
showing the construction of a logic circuit of a conven- 
tional printhead. In this example, the printhead has 32 
ink discharge nozzles as in the case of the printhead 
IJH. The nozzles are divided into 4 block each having 8 
nozzles, and time-divisionally driven. Accordingly, in 
Fig. 6, constituent elements and signals corresponding 
to those in Fig. 5 have the same reference numerals and 
symbols. 

[0044] The printheads in Figs. 5 and 6 basically oper- 
ate as follows. 

[0045] That is, a print data signal (I DATA) is serially 
transferred to four serially-connected 8-bit shift registers 
(S/Rs) 103 in synchronization with a transfer clock 
(DCLK), then, the print data signals stored in the shift 
registers are latched by four 8-bit latch circuits (L/Ts) 
104 in synchronization with a latch clock (LTCLK). 
[0046] On the other hand, input block driving signals 
(BENB0,1 ) are decoded by a 2-*4 decoder 1 07, and the 
order of blocks to be driven is determined by the block 
driving signals (BENB0.1 ). Then, signals outputted from 
the 2->4 decoder 1 07, indicative of the order of blocks 
to be driven, and an input driving signal (HEAT), and 
outputs from the four 8-bit latch circuits (104) are input- 
ted into four 6-bit drivers 105, and the logical product 
(ANDs) among these signals are calculated. A heater 
106 is driven based on the results of calculation by the 
8-bit drivers 105. 

[0047] However, in the logical circuit according to the 
present embodiment, in addition to the above basic op- 
eration, 0 to +1/2 dot registration can be shifted in the 
main-scanning direction regarding one nozzle array. Ac- 
cordingly, the printhead IJH having 2 nozzle arrays per- 
form registration adjustment within the range of relative- 
ly -1/2 to +1/2 bit pitch between the nozzle arrays 1a and 



1b. 

[0048] That is, the order of blocks to be driven is 
changed only in the nozzle array 1b, and the print data 
signal (I DATA) is shifted in accordance with the change 
s of the order, thus registration correction is performed by 
unit of (dot pitch/number of nozzle blocks). 
[0049] Hereinbelow, the registration correction will be 
described in detail. 

[0050] First, a method for changing the order of blocks 

io to be driven will be described. 

[0051] In Fig. 5, afuse 108 is employed for setting the 
amount of registration shift. As the printhead of the 
present embodiment performs 4-block time-division 
driving, to handle 2-bit data so as to represent 4 levels 

15 in correspondence with the number of blocks, two fuses 
are provided. The registration shift amounts between 
two nozzle arrays are measured in advance at a print- 
head manufacturing process, and in accordance with 
the measured values, values represented by 2 bits are 

20 set by cutting the fuses 108 by laser trimming. 

[0052] As shown in Fig. 5, the signals representing the 
amounts of registration shift and the block driving sig- 
nals (BENB0,1 ) are inputted into a block encoder 109, 
and in accordance with the relation as shown in the table 

25 of Fig. 7, converted into block selection signals 
(BLK0, 1 ). Then, the block selection signals (BLK0,1 ) are 
inputted into the 2— >4 decoder 107 and decoded there. 
Then the order of blocks to be driven is converted into 
the order as shown in Fig. 8. 

30 [0053] Fig. 7 is a conversion table for the block selec- 
tion signals (BLK0, 1 ) corresponding to the block driving 
signals (BENB0.1). As shown in Fig. 7, the total 2 bits 
of the block driving signals (BENB0,1) represents four 
amounts (0 to 3), and from the relation with three 

35 amounts of registration shift ±0, ±1/4 and ±1/2, the value 
of the 2-bit block selection signals (BLK0,1) is deter- 
mined. 

[0054] Figs. 8A to 8C are timing charts showing vari- 
ous control signals handled in the printhead IJH. 

40 [0055] Fig. 8A shows a normal order of blocks to be 
driven. That is, the value of the 2 bit block selection sig- 
nals (BLK0.1) becomes "0 n "1 n -» "2" -» "3" in a 
cyclic manner, and in accordance with the change of the 
signal value, 32 heaters are sequentially driven in block 

45 units by 8 heaters. The block driving order is: block 0 
block 1 -> block 2 -> block 3 However, as shown 
in Figs. 8B and 8C, the order of the blocks to be driven 
is changed in accordance with the amount of registration 
shift, as represented by the value of the block selection 

50 signals (BLK0,1). 

[0056] Next, a method for correcting the shift of print 
data signal (I DATA) upon registration shift correction will 
be described. 

[0057] As shown in Fig. 7, the states of the fuses 108 
55 are decoded by a 2-*4 decoder 110 into signals indica- 
tive of three states, 0, ±1/4 and ±1/2, in accordance with 
the amounts of registration shift, and inputted into 
tristate buffers 111-1 to 111 -3 and 112-1 to 11 2-3 shown 



5 



EP 1013423A2_L> 



9 



EP1 013 423 A2 



10 



in Fig. 5. 

[0058] If the registration shift = 0 holds, since none of 
the fuses is cut off and th e tristate buffer 1 1 1 -3 is opened 
while the tristate buffer 112-3 is closed, the print data 
signal (IDATA) is directly inputted into the 8-bit shift reg- 
ister (S/R) 103B-3, and in accordance with the transfer 
clock (DCLK), shifted from the 8-bit shift register 103B- 
3 to the 8-bit shift register 103B-2, then to the 8-bit shift 
register 103B-1, and to the 8-bit shift register 103B-0. 
In this manner, as the shifted print data signal is directly 
inputted into the four 8-bit latch circuits (L/Ts) 104 in ac- 
cordance with input of the latch clock (LTCLK), print data 
signals NO, N1, N2 and N3 of the same column are 
latched by the four 8-bit latch circuits (L/Ts) 104, as 
shown in Fig. 8A. 

[0059] On the other hand, if the registration shift = 
±1 /4 holds, since one of the fuses 1 08 is cut off, a signal 
indicating the value (0, 1 ) is outputted from the fuses 1 08 
and the tristate buffer 1 1 1 -2 is opened, while the tristate 
buffer 112-2 is closed, the print data signal (IDATA) is 
shifted from the 8-bit shift register 103A-3 to the 8-bit 
shift register 103B-2, then to the 8-bit shift register 
1 03B-1 , then to the 8-bit shift register 1 03B-0 and to the 
8-bit shift register 103B-3. 

[0060] In this case, since the 8-bit shift register 103A- 
3 is added as a data transfer path, the last data in one 
column data transfer supplied to the printhead is held in 
the 8-bit shift register 103A-3. Thus, the data is supplied 
to the 8-bit shift register 1 03B-3 by a data transfer clock 
of the subsequent column. 

[0061] Accordingly, the output to the latch 104 from 
the shift registers is that print data signals NO, N1 and 
N2 of the same column are outputted from the 8-bit shift 
registers 103B-0 to 103B-2, but a print data signal (N- 
1 )3 of a previous column is outputted from the 8-bit shift 
register 103B-3. 

[0062] Similarly, if the registration shift = ±1/2 holds, 
since the other of the fuses 108 is cut off, a signal indi- 
cating the value (1,0) is outputted from the fuses 108 
and the tristate buffer 1.11-1 is opened, while the tristate 
buffer 112-1 is closed, the print data signals outputted 
from the four 8-bit shift registers to the latch 104 are NO 
and N1 of the same column, and (N-1)2 and (N-1)3 of 
the previous column. 

[0063] As described above, shift correction is also 
performed on the print data signals outputted from the 
shift registers in accordance with the registration shift. 
[0064] Next, the registration shift correction per- 
formed by the apparatus having the above construction 
will be described with reference to the dot arrangements 
of actually printed dots in Figs. 9A to 9C and Figs. 10A 
to10C. 

[0065] Figs. 9A to 9C are explanatory diagrams show- 
ing dot arrangements in registration adjustment by shift- 
ing ink-droplet adhesion positions on a printing medium 
in the main-scanning direction. 

[0066] Figs. 10A to 10C are partially-expanded dia- 
grams of the dot arrangements in Figs. 9A to 9C. 



[0067] Note that as the printhead IJH uses a common 
signal to drive the heaters of nozzle arrays 1a and 1b, 
ink discharge from the respective nozzle arrays is al- 
ways made at the same timing. For this reason, if the 
5 distance between dots of the two nozzle arrays in the 
main-scanning direction is an integral multiple of the dot 
pitch, dots printed with ink droplets discharged from the 
respective nozzles are precisely overlaid on the printing 
medium. 

w [0068] To simplify the explanation, in the present em- 
bodiment, it is assumed that the distance between dots 
printed with the ink discharged from the two nozzle ar- 
rays 1 a and 1 b is exactly m times (m is a positive integer) 
of the dot pitch. In Figs. 9Ato 9C and Figs. 10Ato10C, 

*5 a blank dot O represents a dot printed with ink from the 
nozzle array 1a; and a hatched dot® or black dot a 
dot printed with ink from the nozzle array 1b. 
[0069] Figs. 9A to 9C and Figs. 10A to 10C respec- 
tively show the dot arrangements of dots printed on a 

20 printing medium in a case where printing has been made 
with ink discharged from the nozzle array 1b and then 
ink is discharged from the nozzle array la moved by m 
dot pitch. The above-described Figs. 8A to 8C are timing 
charts showing the corresponding timings of driving sig- 

2S nal to cause ink discharge from the nozzle array 1b. 
[0070] Figs. 9 A and 10A show a case where dots 
printed with ink discharged from the nozzle arrays la and 
lb are overlaid precisely. In this case, the distance be- 
tween the nozzle arrays 1 a and 1 b is an integral multiple 

30 (m times) of the dot pitch, and the order of blocks 
(BLK0-1) to be driven in the nozzle arrays la and that 
in 1b are the same. 

[0071] That is, as shown in Fig 8A, if the order of 
blocks is block 0 -> block 1 -> block 2 -> block 3, first, 

35 jnk discharge is simultaneously performed by the 8 noz- 
zles of the block 0, then the simultaneous ink discharge 
is sequentially performed by the respective 8 nozzles of 
the block 1 -> block 2 block 3, as shown in Fig. 10A. 
[0072] Figs. 9B and 10B show a dot arrangement 

^0 when only the order of blocks in the nozzle array 1b is 
block 3 — » block 0 -> block 1 -> block 2, as shown in Fig. 
8B. In this case, the positions of the dots printed by the 
nozzle array la are the same as those in Figs. 9A and 
10A since the order of blocks is the same as that in the 

45 above case. However, in ink discharge from the nozzle 
array lb, as the block 3 is first driven, ink is discharged 
from the lowest block 3. Then the block 0 the block 1 
the block 2 are sequentially driven to discharge ink. 
Accordingly, as shown in Figs. 9B and 10B, the dots • 

50 printed by the nozzle array 1 b are shifted from the blank 
dots O printed by the nozzle array 1a by a +1/4 dot pitch 
in the main-scanning direction. 

[0073] Figs. 9C and 10C show a dot arrangement 
when the order of blocks of the nozzle array 1b is block 
55 1 _^ block 2 block 3 -> block 0. In this case, ink dis- 
charge is first performed from the 8 nozzles of the block 
1. Then the block 2 the block 3 the block 0 are 
sequentially driven to discharge ink Accordingly, as 
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shown in Fig. 10C, the dots printed by the nozzle array 
1b are shifted from the dots printed by the nozzle array 
1a by a -1/4 dot pitch in the main -scanning direction. 
[0074] Although Fig. 9B shows +1/4 dot shift, howev- 
er, if the order of blocks is block 2 -» block 3 block 0 
block 1 , the shift amount equals a +1/2 dot pitch; fur- 
ther, if the order of blocks is block 1 -> block 2 -» block 
3 block 0, the shift amount equals a +3/4 dot pitch. 
[0075] Similarly, in Fig. 9C, if the order of blocks is 
block 2 block 3 -> block 0 — > block 1 , the shift amount 
equals a -1/2 dot pitch; further, if the order of blocks is 
block 3 block 0 -» block 1 -> block 2. the shift amount 
equals a -3/4 dot pitch. 

[0076] Next, image shift which occurs in registration 
shift correction as described above will be described. 
[0077] In Fig. 9A, as all the dots printed by the nozzle 
array la and all the dots printed by the nczzle array lb 
are overlaid, an image in the same column is printed. 
That is, in Fig. 8A, data NO to N3 of the print data signal 
(I DATA) are printed by the respective 6 nozzles corre- 
sponding to the blocks 0 to 3. In Fig. 9B, the dots printed 
by the nozzle array la are based on the print data signal 
of the same column (N), however, regarding the dots 
printed by the nozzle array 1 b, data NO to N2 of the print 
data signal used in the blocks 0 to 2 arc of the same 
column, but data of the print data signal used in the block 
3 is (N-1)3 in the previous column (N-1). Further in Fig. 
9C, though data N1 to N3 of the print data signal used 
in the blocks 1 to 3 are of the same column, data of the 
print data signal used in the block 0 is (N+1)0 in the sub- 
sequent column (N+1). 

[0078] Note that in the printhead used in the above- 
described embodiment, as two nozzle arrays are as- 
sembled within one module, the amount of mechanical 
registration shift can be within a ±1/2 dot pitch. 
[0079] In accordance with the above-described em- 
bodiment, the registration shift correction by electrical 
control can correct the amount of registration shift to 
substantially 0. 

[0080] However, in printers having a construction 
where a couple of independent printheads are arrayed 
in a main-scanning direction, generally, the amount of 
registration shift is a 1 dot pitch or greater. In this case, 
it may be arranged such that registration shift correction 
is performed in dot pitch units by shift-transferring a print 
data signal by the number of columns corresponding to 
the amount of registration shift, as in the conventional 
art, then, the above-described registration shift correc- 
tion by electrical control is applied to sub-dot pitch cor- 
rection. 

[0081 ] Note that in the above-described embodiment, 
the printhead has two nozzle arrays, however, the 
present invention is not limited to this arrangement. For 
example, the present invention is applicable to a print- 
head having a single long nozzle array (the number of 
nozzles is large) 1 as shown in Fig. 11. 
[0082] Further, in the above-described embodiment, 
32 nozzles constructing one nozzle array are sequen- 



tially divided into 4 blocks by 8 nozzles, and the nozzles 
are time-divisionally driven in block units, however, the 
present invention is not limited to this arrangement. For 
example, it may be arranged such that the 32 nozzles 
s are divided into 8 blocks each having 4 nozzles, each 
selected from every 8 nozzles, as shown in Fig. 12, and 
the respective blocks are sequentially driven. That is, 
time-division driving may be performed such that 4 noz- 
zles each selected from every 8 nozzles are simultane- 
w ously driven. 

[0083] In this case, also considering the fact that the 
arrangement of printed dots becomes slant when the 
nozzle array is vertical to the main-scanning direction, 
upon execution of printing operation while moving the 
is printhead in the arrow direction (main-scanning direc- 
tion), similar to that in the printhead IJH in Fig. 4, the 
printhead is slanted with respect to the main-scanning 
direction in advance, so that the arrangement of printed 
dots can be vertical to the main-scanning direction. 
20 [0084] In the printhead that performs this time-division 
driving, dot shift in each junction between nozzle blocks 
as shown in Fig. 4 does not occur. However, a vertical 
line is not printed in one printing operation but it is print- 
ed at driving timings in different columns for the respec- 
ts tive groups having 8 nozzles as shown in Fig. 12. 

[0085] Figs. 13A to 13C show dot arrangements in 
registration adjustment by shifting the positions of dots 
printed by the printhead which performs the time-divi- 
sion driving in Fig. 12. Fig. 1 3A shows the dot arrange- 
30 rnent where shift amount = 0 holds; Fig 13B, the dot 
arrangement where shift amount = +1/8 dot pitch holds; 
and Fig. 13C, the dot arrangement where shift amount 
= -1/8 dot pitch holds, as those in Figs. 9A to 9C. 
[0086] In Figs. 1 3A to 1 3C, the order of the groups to 
35 be driven in Fig. 13A is group 0 -> group 1 -> group 2 
-> group 3 -> group 4 group 5 — » group 6 group 7 
....; in Fig. 13B, the order of groups is group 7 -» group 
0 group 1 group 2 -> group 3 -> group 4 -> group 
5 -> group 6 -> ...; and in Fig. 1 3C, the order of groups 
40 is group 1 — > group 2 -» group 3 — > group 4 -> group 5 
-> group 6 — > group 7 -» group 0 — > .... 
[0087] On the other hand, regarding correction by 
print data signal shift, it may be arranged such that the 
print data signal shift is corrected in the printer and the 
45 shifted data is transmitted to the printhead, and the shift 
correction may be realized by a printer driver of a host 
which transfers data to the printer. However, as in the 
above-described embodiment, in a case where a func- 
tion to shift print data signal is provided in the logic circuit 
50 in the printhead, even though the print data signal shift 
is not corrected in the printer or the host, it is possible 
for the printhead to perform the correction. Thus, this 
type of printhead is particularly advantageous if the 
printhead is exchangeably used in the same printer. 
55 [0088] Further, in the above-described embodiment, 
the block driving signal is common to all the nozzle ar- 
rays, however, it may be arranged such that the change 
of the order of blocks to be driven is realized by the print- 
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er and different signals are sent to the respective noz- 
zles. 

[0089] Further, in the above-described embodiment, 
the printhead has 2 nozzle arrays for the sake of sim- 
plicity of explanation. However, the present invention is 
applicable to, for example, a printhead having four noz- 
zle arrays arranged in a carriage moving direction, or a 
construction where 4 printheads are arrayed in a car- 
riage moving direction. In these cases, color printing can 
be realized by discharging cyan, magenta, yellow and 
black ink from the 4 nozzle arrays or printheads. By ap- 
plication of the present invention to these cases, fine 
registration adjustment can be performed on dots print- 
ed by 4 color ink. Thus, high quality color images with 
excellent color reproduction can be printed. 
[0090] In addition, the present invention can be ap- 
plied to a case where more nozzle arrays or printheads 
are provided to discharge ink in the same color tone but 
in different densities. In such case, high quality color im- 
ages with excellent tonality representation can be print- 
ed. 

[0091 ] The above-described embodiments describe a 
case where a printhead has two nozzle arrays (two print 
element arrays). However, this invention is not limited 
to this. It goes without saying that the printhead may 
have a construction having a single nozzle (print ele- 
ment) array. 

[0092] This present invention is particularly advanta- 
geous if the invention is applied to a case where a rela- 
tive positional relation among a plurality of nozzle (print- 
ing element) arrays is adjusted. 

[0093] Note that in the above embodiments, the liquid 
discharged from the printhead has been described as 
ink, and the liquid contained in the ink tank has been 
described as ink. However, the liquid is not limited to ink. 
For example, the ink tank may contain processed liquid 
or the like discharged to a print medium to improve fix- 
ability or water repellency of a printed image or to in- 
crease the image quality. 

[0094] The embodiment described above has exem- 
plified a printer, which comprises means (e.g., an elec- 
trothermal transducer, laser beam generator, and the 
like) for generating heat energy as energy utilized upon 
execution of ink discharge, and causes a change in state 
of an ink by the heat energy, among the ink-jet printers. 
According to this ink-jet printer and printing method, a 
high-density, high-precision printing operation can be 
attained. 

[0095] As the typical arrangement and principle of the 
ink-jet printing system, one practiced by use of the basic 
principle disclosed in, for example, U.S. Patent Nos. 
4,723,129 and 4,740,796 is preferable. The above sys- 
tem is applicable to either one of the so-called on-de- 
mand type or a continuous type. Particularly, in the case 
of the on-demand type, the system is effective because, 
by applying at least one driving signal, which corre- 
sponds to printing information and gives a rapid temper- 
ature rise exceeding nucleate boiling, to each of elec- 



trothermal transducers arranged in correspondence 
with a sheet or liquid channels holding a liquid (ink), heat 
energy is generated by the electrothermal transducer to 
effect film boiling on the heat acting surface of the print- 

5 head, and consequently, a bubble can be formed in the 
liquid (ink) in one-to-one correspondence with the driv- 
ing signal. By discharging the liquid (ink) through a dis- 
charge opening by growth and shrinkage of the bubble, 
at least one droplet is formed. If the driving signal is ap- 

10 plied as a pulse signal, the growth and shrinkage of the 
bubble can be attained instantly and adequately to 
achieve discharge of the liquid (ink) with the particularly 
high response characteristics. 

[0096] As the pulse driving signal, signals disclosed 
15 in U.S. Patent Nos. 4,463,359 and 4,345,262 are suita- 
ble. Note that further excellent printing can be performed 
by using the conditions described in U.S. Patent No. 
4,313,124 of the invention which relates to the temper- 
ature rise rate of the heat acting surface. 
20 [0097] As an arrangement of the printhead, in addition 
to the arrangement as a combination of discharge noz- 
zles, liquid channels, and electrothermal transducers 
(linear liquid channels or right angle liquid channels) as 
disclosed in the above specifications, the arrangement 
25 using U.S. Patent Nos. 4,558,333 and 4,459,600, which 
disclose the arrangement having a heat acting portion 
arranged in a flexed region is also included in the 
present invention. In addition, the present invention can 
be effectively applied to an arrangement based on Jap- 
30 anese Patent Laid-Open No 59-123670 which disclos- 
es the arrangement using a slot common to a plurality 
of electrothermal transducers as a discharge portion of 
the electrothermal transducers, or Japanese Patent 
Laid-Open No. 59-138461 which discloses the arrange- 
rs ment having an opening for absorbing a pressure wave 
of heat energy in correspondence with a discharge por- 
tion. 

[0098] Furthermore, as a full line type printhead hav- 
ing a length corresponding to the width of a maximum 

40 printing medium which can be printed by the printer, ei- 
ther the arrangement which satisfies the full-line length 
by combining a plurality of printheads as disclosed in 
the above specification or the arrangement as a single 
printhead obtained by forming printheads integrally can 

45 be used. 

[0099] In addition, an exchangeable chip type print- 
head which can be electrically connected to the appa- 
ratus main body and can receive an ink from the appa- 
ratus main body upon being mounted on the apparatus 
50 main body can be employed as well as a cartridge type 
printhead in which an ink tank is integrally arranged on 
the printhead itself as described in the above embodi- 
ment. 

[0100] It is preferable to add recovery means for the 
55 printhead, preliminary auxiliary means and the like to the 
above -described construction of the printer of the 
present invention since the printing operation can be fur- 
ther stabilized. Examples of such means include, for the 
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printhead, capping means, cleaning means, pressuriza- 
tion or suction means, and preliminary heating means 
using electrothermal transducers, another heating ele- 
ment, or a combination thereof. It is also effective for 
stable printing to provide a preliminary discharge mode 
which performs discharge independently of printing. 
[0101] Furthermore, as a printing mode of the printer, 
not only a printing mode using only a primary color such 
as black or the like, but also at least one of a multicolor 
mode using a plurality of different colors or a full-color 
mode achieved by color mixing can be implemented in 
the printer either by using an integrated printhead or by 
combining a plurality of printheads. 
[01 02] Moreover, in each of the above-mentioned em- 
bodiments of the present invention it is assumed that 
the ink is a liquid. Alternatively, the present invention 
may employ an ink which is solid at room temperature 
or less and softens or liquefies at room temperature, or 
an ink which liquefies upon application of a use printing 
signal, since it is a general practice to perform temper- 
ature control of the ink itself within a range from 30° C to 
70°C in the ink-jet system, so that the ink viscosity can 
fall within a stable discharge range. 
[0103] In addition, in order to prevent a temperature 
rise caused by heat energy by positively utilizing it as 
energy for causing a change in state of the ink from a 
solid state to a liquid state, or to prevent evaporation of 
the ink, an ink which is solid in a non-use state and liq- 
uefies upon heating may be used. In any case, an ink 
which liquefies upon application of heat energy accord- 
ing to a printing signal and is discharged in a liquid state, 
an ink which begins to solidify when it reaches a printing 
medium, or the like, is applicable to the present inven- 
tion. In this case, an ink may be situated opposite elec- 
trothermal transducers while being held in a liquid or sol- 
id state in recess portions of a porous sheet or through 
holes, as described in Japanese Patent Laid-Open No. 
54-56847 or 60-71260. In the present invention, the 
above-mentioned film boiling system is most effective 
for the above-mentioned inks. 

[0104] In addition, the printing apparatus of the 
present invention may be used in the form of a copying 
machine combined with a reader and the like, or a fac- 
simile apparatus having a transmission/reception func- 
tion in addition to an image output terminal of an infor- 
mation processing apparatus such as a computer. 
[01 05] The present invention can be applied to a sys- 
tem constituted by a plurality of devices (e.g., a host 
computer, an interface, a reader and a printer) or to an 
apparatus comprising a single device (e.g., a copy ma- 
chine or a facsimile apparatus). 

[0106] Further, it goes without saying that the inven- 
tion is applicable also to a case where the object of the 
invention is attained by supplying a storage medium, 
containing software program code for realizing the 
aforesaid functions of the present embodiment, to a sys- 
tem or an apparatus,- reading and executing the program 
code stored in the storage medium by a computer (e.g., 



16 

CPU, MPU) of the system or apparatus. 
[0107] In this case, the program code read from the 
storage medium realizes the functions according to the 
embodiment, and the storage medium containing the 

s program code constitutes the invention. 

[0108] Further, the storage medium, such as a floppy 
disk, a hard disk, an optical disk, a magneto-optical disk, 
CD-ROM, CD-R, a magnetic tape ; a non-volatile type 
memory card : and a ROM can be used for providing the 

io program code. 

[0109] Furthermore, besides aforesaid functions ac- 
cording to the above embodiment are realized by exe- 
cuting the program code which are read by a computer, 
the present invention includes a case where an OS (op- 

is erating system) or the like working on the computer per- 
forms a part or entire processes in accordance with des- 
ignations of the program code and realizes functions ac- 
cording to the above embodiment. 
[0110] Furthermore, the present invention also in- 

20 eludes a case where, after the program code read from 
the storage medium are written in a function expansion 
board which is inserted into the computer or in a memory 
provided in a function expansion unit which is connected 
to the computer, CPU or the like contained in the func- 

25 tion expansion card or unit performs a part or entire 
process in accordance with designations of the program 
code and realizes functions of the above embodiment. 
[0111] As many apparently widely different embodi- 
ments of the present invention can be made without de- 

30 parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof except as defined in the append- 
ed claims. 

35 

Claims 

1. A printhead (IJH) capable of printing by dividing a 
plurality of printing elements (2) constituting a print- 
40 ing element array (1a, 1b) into a plurality of blocks 
(BLK0, BLK1 , BLK2, BLK3) and time-divisionally 
driving said plurality of printing elements in block 
units, 

characterized by comprising: 

45 

a memory circuit ( 1 08) for storing a value based 
on an amount of registration shift equal to or 
less than a printing resolution in a direction in 
which the printing element array (1a, 1b) is 
50 scanned relative to a printing medium (P); and 

a changing circuit that changes an order of 
blocks to be driven in accordance with the value 
stored in said memory circuit (108). 

55 2. The printhead according to claim 1, wherein a 
number of the printing element array is plural, 

said plurality of printing element arrays are ar- 
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ranged at an interval along the direction, and 
said changing circuit changes the order of 
blocks to be driven in at least one of said plu- 
rality of printing element arrays. 

3. The printhead according to claim 2, wherein 

said plurality of printing element array in- 
cludes a first and second printing element arrays. 

4. The printhead according to claim 3, wherein division 
of said plurality of printing elements into blocks is 
made by dividing said plurality of printing elements 
of said first and second printing element arrays into 
blocks by N printing elements sequentially. 

5. The printhead according to claim 3, wherein division 
of said plurality of printing elements into blocks is 
made by dividing said plurality of printing elements 
of said first and second printing element arrays into 
blocks by K printing elements each selected from 
every M printing elements. 

6. The printhead according to claim 1 , wherein said 
plurality of printing elements are divided into four, 
eight, sixteen or thirty two blocks. 

7. The printhead according to claim 3, wherein the di- 
rection of said plurality of printing elements of said 
first and second printing element arrays is diagonal 
to the direction. 

8. The printhead according to claim 1 or claim 3, fur- 
ther comprising a delay circuit that delays print data 
output to printing elements of each block of said 
printing element array in accordance with change 
of the order of blocks to be driven by said changing 
circuit. 

9. The printhead according to any one of claims 1 to 
8, wherein said printhead is an ink-jet printhead that 
performs printing by discharging ink. 

10. The printhead according to claim 9, wherein said 
ink-jet printhead has electrothermal transducers for 
generating thermal energy to be supplied to ink, for 
discharging the ink by utilizing the thermal energy. 

1 1 . The printhead according to claim 3, further compris- 
ing third and fourth printing element arrays in said 
first direction in parallel to said first and second 
printing element arrays, 

wherein color printing is performed by dis- 
charging yellow ink, magenta ink, cyan ink and 
black ink from said first, second, third and fourth 
printing element arrays. 

12. The printhead according to any one of claims 3 to 
10 wherein said first and second printing element 



arrays are respectively assembled in separate 
printheads. 

13. A printing apparatus (I JRA) which performs printing 
5 by using the printhead (IJH) according to any one 

of claims 1 to 12, comprising: 

scanning means (HC), carrying said printhead, 
for reciprocate-scanning said printhead along 
to the direction; and 

output means for outputting print data to said 
printhead. 

14. A printing apparatus (I JRA) which performs printing 
by dividing a plurality of printing elements (2) con- 
stituting a printing element array (1a, 1b) into a plu- 
rality of blocks (BLKO, BLK1 . BLK2, BLK3) and 
time-divisionally driving said plurality of printing el- 
ements in block units, 

characterized by comprising: 

memory means (1 08) for storing a value based 
on an amount of registration shift equal to or 
less than a printing resolution in a direction in 
which said printing element array (1a, 1b) is 
scanned relative to a printing medium (P); and 
changing means for changing an order of 
blocks to be driven in accordance with the value 
stored in said memory means (108). 
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15. The printing apparatus according to claim 14, fur- 
ther comprising delay means for delaying print data 
output to printing elements of each block oil said 
printing element array in accordance with change 
of the order of blocks to be driven by said changing 
means. 

16. A printhead arranged to be scanned in a first direc- 
tion, the printhead comprising an array of print ele- 
ments aligned in a second direction oblique to the 
first direction and driving means arranged to split 
the array of print elements into blocks and to receive 
image signals and drive the print elements time-di- 
visionally in block units, 

wherein the driving means is adapted such 
that the order in which the blocks are driven is dif- 
ferent to the order in which the corresponding image 
signals are received by the printhead. 

17. A printhead having an array of print elements and 
means for driving the print elements by splitting the 
said array into blocks and time-divisionally driving 
the plurality of printing elements in block units, 

characterised by comprising a memory 
means for storing a value indicative of an amount 
of registration shift in a direction in which the said 
array is scanned relative to a printing medium. 
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